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T, VI ZA MRS LLGEITHARY EXIALT —F 7T R AR OE SO %
1TV, BN D S Te Bt AR EBXIAARY VA N EZXELT, AT v
6) ICAVET; VI AR RWEEE, A7 7 3) ITEVET;
SDRAM (27 7 7 4 7, A EXiAHa~wy REEEL, A7 7 (7) I
A0 ET

BET DT — 2 RSICL o Tt a0 EXIAHLEAEEZFITLET ;

I FBEZ AL O THBEL LI L, T LTWIUEAT v 7 (9) ITADE
T HETLTWRWEAIZ, A7 v 7 (7) IZEVET;

TN F =B EIT, ETRICAT v 7 (3) ITAD £T,
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2. TVF¥—V%IT\V, TV Fr—Vavr FHE#R, FGHRRNEFRICAE-T
WAHBEARIEAT v 7 (3) ITAD, Bo T RITIULSI SRS L ET;

3. A=V T7byyazfTn, A—FU 7 by iaavy REE®R, FFHIRHD
FUHZBE S TWDLEAEIEAT v 7 (4) ITAD, Ao TWRITFTE] & i X 756
LET;

4, =NV 7L vvaZit\, A— R )7 by aavy REGFEER, HFHREN
FHEZA > TWDGEARIEAT v 7 (5) ITAD, Ao TWRITFIUTE] & i & 756
LET;

5, T—RLYRZOREEITV, T— FLIURAXFREa~ Y REE%R, HFHRHMH
WESRZG > TWDAERITAT v 7 (6) IZAD ., Ho TWialFiuuEs| ke x5F
MLET;
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2. PHMEBMEOSE THBEZHBILET, BT LTWLHAEAT Y7 (3) IZA
D, BT LTWRIFITG EHEEFHELET

3. BATZVTLyva I ANOFEEZERL, VI =R NBHLLGAEIIAT
v 7 (4) ITADET;
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5, BTV TLyvaREET, EAT U T Ly v afkT U7 A NOFEEH W
L. VZZARMBRHLLGEEFAT 7 (6) ITADET;
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2. PHEMEBMEOSE TAHBEZHEILET, ZTLTWLIHAEAT 7 (3) I

D, BT LTOWRITNEGI &SRS AL £7 ;

3. Power-down V7 =X hOFEZYET L, VI A NRHLGEITAT v

4) ITAY E£7;
4. Power-down =2~ FEEEFEL, A7 v 7 (5) IZAVET;
5. Power-down REET, Power-down #& TV 7 = A NOFEELHET L, U7X |
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6. Power- down KTa~vr FREREL, T4 RIWVIREEIZEY £97,
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A&, ElcYunYuan V7 N 2T A B —T 2 — AL HNTA—HFZE,
— P —NNEL 9% SDRAM 21 b —FF Y 2 — LDOAFORY TEBET L., 7
TV —a VB WTHEET RIS HIECHEENRT R 22t UET,

T R_Fy FARISDRAM 22> f e — I R —HF—FHF A BTV RAZ R
a5, 22— —FTHF A LDy 7 L~ULEY 2 —/LH SDRAM =1 k12—
TP A 10 R —ME, SDRAM =2 b —FF Y 2 —/LDR— MFRE —EL
TWARENHY 94, YunYuan V7 F 7 =7 1%, 2—HF—FHF AL D10 R— 4
W ESWCHBIERE L, SDRAM =t h 1z —F & SDRAM # [EiICilE S8 %
R

LR O, Blad T C2fEoay ha—JDH 7 v —ickt L CEhEh
FELWELAZI TV E T,

> g

62T 7V rr—3 3 DRI
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SDRAM =2 hue—5 7 7 r— g 0%, EICPLL, 22— —a vy 7,
SDRAM =2 frz—5 SDRAM ® 4 >% &7 %9, SDRAM 7 7V r— 5D
oy 7 X, X 6-11ZR9Im Y T,

PLLIZFPGAWH 7 vy 7 ) Y —A T, 7 a7 OEEEsE MG %28 T
SDRAM &7 © 7 | sdrc_clk X TXSDRAM =2 b —J8EifE/ u v
|_sdram_clk Z /R L £3, SDRAM = b —F %, EdEiEICH T,
|_sdram_clk {\7FH % 5% L C SDRAM DA HL 0 X GALE B O ¥ A LR %
TWET,

a—YP—n Ty =T == ADANMIEZIL, Wb |sdre_clk 25
En =y DichbEE T,
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6.2 JtiJH DFEAT

K617V r—varuyrX

CLK_in
" PLL

|_sdram_clk

|_sdrc_clk

Data Data

N ¥ N

Addr

2 SDRAM —Add_) SDRAM

-

nYy 2 | Control, EN AN

Command
Status

TERC!
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SDRAM =t > | 1 — 7 OEMERE D LA E WS, |_sdram_clk (7248 % Fi% L C
SDRAM DA B0 X IALE 5 OME/ X A LRI ZITO 2 ENTEET

NET SDRAM 22 b —F T, Bk 7 3 —~<v 2 A2 M EIE L7720,
SDRAM M AJ1/H 779 % DFF % IOLOGIC @ DFF U V' — R ZHlfT D Z LT
9

T A ANEROEIE, PCBIV—T 4 > 75D HEF A2 EE L T, SDRAM |LHE#HFFZ
BWC, T—FBABMONT I T4 TA T4 r—2K0 170y 717 VBT
T5%6, 2V 3T I T 4 TA T A= FE 1A 7 NVELET, T77 4
TR EEDEDIMENHY T

T Ty R SDRAM Tit, =—/L# Module 78— k2 SDRAM 1 53 HHEL L =
T, ZNHOEFIXTOP LV E T EHIHERLY , FEE4AMELED LT
MEERLET, TNODERITest 77 A MCEWTTHRITALEIZH Y FHA ;

GWINR-4 7 /34 2D 32bit Mg > hu—F % 32—/ 584 |_sdrc_clk 1407
|_sdram_clk 7 v v 7 A # D03 T TER Y A, ZTOMORITa—1
25z hr—7 | _sdrc_clk 2OV |_sdram_clk I%[F UEH 2 v v 7 T,
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6.3 =TT v REID
6317y FEBREET

Gowin YunYuan ¥ 7 7 = 7 ZE#EiZ, X 6-2 IR, e FEHE

£,

Ke627uy=r FaB&ET

{4 GOWIN FPGA Designer - [EADema_program\DK_DEV_GW2AR18_V1.10\SDRAM _test_Project\SDRAM_test_SIP_can_readback_data_test data\SDRAM_test SIP\erc\SDRAM,_controller_test_... L[ =0 [y

 Fle Edit Project Tools Window Help

i ey iy

N EE

Process & X 19
| Design Summary 20Fmodule SDRAM controller test module (
4 [ User Constraints 21 I_clk, - B
A FloorPlanner 22 I_rst,
¥ Timing Constraints Editor 23 0 _sdrc rd valid,
4 (D synthesize (Synplify Pro) 24 0 _sdrc_error flag,
Synthesis Report 25 0 sdrc_rd data,
Netlist File 26 - o
4 (D Place & Route 27
Place & Route Report 28 0 sdram wen n,
Timing Analysis Report 29 O:sdram:ras:n,
Ports & Pins Report 30 O_sdram_cas_n,
Power Analysis Report 31 0_sdram_cs_n,
L Program Device 32 0 _sdram cke,
33 0 _sdram clk,
34 I0_sdram_dqg,
33 O_sdram_addr,
36 0 _sdram ba,
37 0 _sdram_dgm
38 | )
39
40 b
41 input wire I_clk;
42 input wire I rst;
43 output wire O_sdrc_rd valid;
‘44 output wire O sdrc rd data;
‘ n

i

*
./ SDRAM_control E]

Design | Process , Start Page | 1 Design Summary ‘ [ SIRAM_controller_test_module. v [ | 0 IF Core Generator
Jutput J X
Info (CM0004) : Generate timing report completed. =
Info (CM0002) : Generate Tool-Run report complsted.
Info (CM0001) : Tue Jan 24 09:12:13 2017

4]
Output | Error | Warming | Info |

In: 86 Col: 24

6.3.2 SDRAM Controller ® =— U

“Tools>IP Core Generator’ DJIEIZ 7 Vv 7§25 &, K 6-3II/RT A H—Tx—RA

IPUG279-1.3J
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6.3 =T v RRIDH

X 6-3 IP Core Generator f > % —7 = —2A

-
&*} GOWIN FPGA Designer - [IP Core Generator]

. Ele
[

Process

Edit Project Tools Window Help

F X
Targzet Device GHZAR-16-LAFF144 D

s

7}

[N

N

N

7
«

L

Design Summary
User Constraints

| FloorPlanner

7 Timing Constraints Editor
v ] Synthesize (Synplify Pro)
Synthesis Report

Netlist File
Place & Route

:.\ S W

Name

4

Place & Route Report 4

Timing Analysis Report
Ports & Pins Report

Power Analysis Report a

Program Device

FIFO

W FAFO

L FIFOSC

% SDP_FIFO

s SDP_FIFO_SC
12C Slave

o 12C Slave
MIPL

" MIPIRX

o MIPLTX

Memory Interface

“l, DDR2 Memory Interface

SDRAM Controller

Block Memory
% op

i SDRAM Controller(With embedded SDRAM)
SDRAM Controller(With external SDRAM)
- Module

SDRAM Controller(With embedded
SDRAM)

Information

m

Type: SDRAM Controller

Vendor: GOWIN Semiconductor

Summary: The SDRAM controller allows designers to create custom systems in
one GOWIN device that connect easily to SDRAM chips. This SDRAM
Controller located between the SDRAM and the user logic, reduces the
user's effort to deal with the SDRAM command interface by providing a
simple generic system interface to the user.

- Copyright® 2014-2017 GOWIN Semiconductor. All Rights Resarved.
Design | Frocess ¢ Start Page [ Design Sunmary % TP Core Generator ]
Output [
Info (BW0001) : Power analysis completed. -
Info (CMO008) : Generate 'SDRAM Controller top.powsr.html' file completed.
Info (CMO0O08) : Generate 'SDRAM Controller top.tr.html' file completed. ‘_‘
Info (CMO0O08) : Generate 'SDRAM Controller top.vo' file completed. I+

Output | Error | Warning | Info

IPUG279-1.3J

GW2AR-18-LQFP144 7 /N A 2 %R L, “SDRAM Controller(with embedded
SDRAMY' =X TN U v 7§ 5 &, 6-4 IR TA U H—T 2 — ANKRINE
T, 77 AN NAE T a T, ‘OK%E 27 Y v 73 5L, SDRAM_controller_top_SIP
TV a—APERSHET,

X 6-4 SDRAM Controller f v Z—7 =—X

WAy Customize IP

SDRAM Controller (With embedded SDRAM) e

Lsdrorsin

|_saro ok

|_saram_ok

Lsaro s efhefressn

_saropower_gown

Lsars wi_n

|_sdrord_n

|_sdr _ader [20:0]

|_sars_ ga_len[70]

Lsarg @omizd]

RN NN NN

|_sudir o aiaf310]

O_sore_ gana(3 0]

O_sdrg inlt_done

D_suro_musi_n

O_sdrc_rd_vald

C_sarg_wnd_ack

i

-

-

File
Target Dewice: GHZAR-18-LOFF144
Create In: _gwlarld_RefD=ign'projectsre \SORAM_controller_top_SIF [:] I

Madule Hame: Aroller _top SIF File FHame: »p_SIF £dd to Current Froject I

Options

Generation Config

Disable I,/0 Insertion

[ 0K ] [ Pameal Help
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6.3 =T v RRIDH

6.3.3 SDRAM Controller £ ' A2 ¥ > A4k

7m Y7 MZEIF%H SDRAM controller_top_SIP 1 > 2 % 24k, X 6-5 127

iy T

[X] 6-5 SDRAM_controller_top_SIP 1 > 2 &% . 24,

{4 GOWIN FPGA Designer - [EADema, program\DK_DEV_ GW2AR18 V1. 10\SDRAM _test Project\SDRAM_test SIP_can readback data_test data\SDRAM _test SIP\sre\SDRAM_cantroller.test.... |Leou| =0 [Rem

|7 Ele Edit Project Tools Window Help

e ~Ohin | 88

N EES

Process & x an -
|| Design Summary 86
+ [ User Constraints PI='SDRAM controller top SIP| b2v_inst (
A FloorPlanner 88
7 Timing Constraints Editor 89 .0 sdram clk(C_sdram clk),
4 D synthesize (Synplify Pro) 90 .0_sdram_cke (0_sdram_cke),
Synthesis Report 91 .0 sdram cs n (0 _sdram cs n),
Netlist File 92 .0 _sdram cas n(0O _sdram cas n),
4 D Place & Route 93 .0_sdram_ras_n(0_sdram ras_n), |
Place & Route Report 94 .0 _sdram wen n (O _sdram wen n),
Timing Analysis Report 95 .0 _sdram dgm(C_sdram dgm),
Ports & Pins Report 96 .0_sdram_addr (O_sdram_addr),
Power Analysis Report 97 .0 sdram ba (0 _sdram ba),
B Program Device 98 .I0 sdram dqg(IO sdram dq), -
99
100 .I_sdrc rst n(rst_sys), £
101 .I_sdrc_clk(clkout o),
102 .I_sdram clk(clkout_o), U
103 .I_sdrc selfrefresh(sdrc_selfrefresh),
104 .I _sdrc_power down(sdrc_power down),
105 .I_sdrc_wr_n(sdrc_wr_n),
106 .I sdrc rd n(sdrc_rd n),
107 .I sdrc addr(sdrc_addr),
108 .I_sdrc_data_len(sdrc_data_len),
109 .I_sdrc dgm(sdrc dgm),
1|10 .I sdrc data(userldata] . 7
4 [ r
Tasizn | Frovess . Start Page | | | Dasign Summary ‘ | SIRAM_controller_test_module. v [0 ‘ 3 IP Core Generator | SIRAM_centre] E
Dutput F X
Info (CM0004) : Generate timing report completed. =
Info (CM0002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 09:12:13 2017
[
Output | Error | Farning | Info |
In: 86 Col: 24

6.3.4 bitstream 7 7 A JVDAK,
VB HIKI AT - 7-1% . 6. P&R % U T, bitstream 7 7 A V&R L £,
Gowin # 7> — KA —7 /L% U T, bitstream 7 7 A VA BARIERET-1TT 2

FEWRIZE T —FRT+5E, TAR U H—7 x2—R 2L > T SDRAM

FIABLT =2 RUNBIHITE £,

IPUG279-1.3J
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6.4 S AL DB

6.4 B D5

641 7T/ FeEEET

GowinYunYuan Y 7 U = 7 Zl#Eif%, X 6-6 [~ TEY, Yry s NERE

jz‘é‘o
X 6-6 71

V7 bPEBEET

s GOWIN FPGA Designer - [EADemo. program\DK_DEV_GW2AR18 V1 10\SDRAM test Project\SDRAM_test SIP_can readback data test data\SDRAM test SIP\sr\SDRAM contraller.test ... il (=0 [Ieaum]

' Hle Edit Project Tools Window Help

- F %

ie sy upf
Frocess & X 19 -
I Design Summary 20Emodule SDRAM controller test module(
4 [J7 User Constraints 21 I_clk,
4 FloorPlanner 22 I_rst,
7| Timing Constraints Editor 23 O_sdrc_rd valid,
4 (2 Synthesize (Synplify Pra) 24 O _sdrc_error flag, 5
Synthesis Report 25 O _sdrc_rd data,
Netlist File 26 |
4 (2 Place & Route 27
Place & Route Report 28 O_sdram _wen_n,
Timing Analysis Repart 29 O_sdram_ras_n,
Ports & Pins Report 30 Q sdram cas n,
Power Analysis Report 31 O:sdram:csiﬁ,
L Program Device 32 O _sdram cke,
33 O _sdram clk,
34 IO _sdram dq, il
35 O_sdram_addr,
36 Q_sdram_ba,
37 O _sdram dgm
38 |):
39
40 b
41 input wire I_clk:
42 input wire I_rst;
43 output wire O sdrc rd valid;
‘44 output wire O sdrc rd data:s 2
« n L3
Desian | Process , Start Fage | | Desizn Sumnary ‘ -2 STRAM_controller_test module. « [E] ‘ U0 IF Core Generator /' SDRAM_zontrol 4 1b
Dutput & X
Info (CM0004) : Generate timing report completed.
Infa (CM0002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 09:12:13 2017
[
Outpnt | Error | Yarning | Info |
In:86 Col: 24

6.4.2 SDRAM Controller ® =— U

“Tools>IP Core Generator DJIEIZ 7 Vv 7§25 &, K6-7TIRTA U H—T x2—RA
NFERINET,

IPUG279-1.3J
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677V r—aH 6.4 SR D 5]

X 6-7 IP Core Generator f > % —7 = —2A

7% _ _ =
(s GOWIN FPGA Designer - [IP Core Generat [N
W esigner - [IP Core Generator] - . s - - - A - - . -

J. Fle Edit Project Tools Window Help _[&][x
DEHS - 0 o&
x
LLIENE 5
'] Design Summary
4 [} User Constraints Name i .
i Floorplanner a1 w0 L SDRAM Controller(With external
7% Timing Constraints Editor o FIFO )
4 (D Synthesize (Synplify Pro) 4L FFosC SDRAM
. i SDP_FIFO
Synthesis Report “ -
Netliet Fil i SDP_FIFO_SC L
etlist File E -
- 4 12C Slave Information
4 Place & Route g
= b 12C Slave 1l
Place & Route Report a MIPI Type: SDRAM Controller |
! Timing Analysis Report &
o R v P R MIPILRX — | Vendor: GOWIN Semiconductor
Ports & Pins Report &5 MIPITX :
Power Analysis Report . Memory Interface Summary: The SDRAM conFmHer allows deswgngrs to create custom S\I.rstems in
18 Program Device DDR2 Memory Interface one GOWIN device that connect easily to SDRAM chips. This SDRAM
2 SDRAM Controller Controller located between the SDRAM and the user logic, reduces the
(| SDRAM Controller(With embedded SDRAM) user's effort to deal with the SDRAM command interface by providing a
. SDRAM Controller(With external SDRAM) simple generic system interface to the user. i
4 Module
4 Block Memory - ght@ 2014-2017 GOWIN Semiconductor. All Rights Reserved.
Desizn | Frosess e Start Fage oo e B & TP Core Generator [x]
Output 5 x
Info (PW0001) : Power analysis completed. s
Info (CMO008) : Generate 'SDRAM Controller top.powsr.html' file completed.
Info (CMO008) : Generate 'SDRAM Controller top.tr.html' file completed. ‘_‘
Info (CMO008) : Generate 'SDRAM Controller top.vo' file completed. ™ fl
Output | Error | Werning | Info |
|

GW 1N-4-LQFP144 7 /34 2 %% L, “SDRAM Controller(with external SDRAM)”
EEXTNITY w7 FHE KE-8ILRTA =Tz —ANRFRINET, /NT R
— & = T3NS SDRAM DR T A —H [ZHAWTHRENM TN D720, “OK % 7
Vv Z73%L. SDRAM controller top SIP £ ¥ 2 — LR S E T,
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6.4 S AL DB

X 6-8 SDRAM Controller f % —7 = — 2

-

Ay Customize IP

File

Target Dewice: GW1H-4-1OFF144
Create In: wZarld_Reflzignhprojectisrc\SIEM_controeller top SIF E]

Module Hame: oller_top_ SIF

SDRAM Controller (With external SDRAM)

File Hame: ap_SIF Add to Current Froject

e 0 mar w3 0] O _saram_ck —
C_sdram_cke [~ Dpti ons
B R —— O_suram_cs_n [~
C_sdram_cas_n [~ . .
] |_sapz_e Data Width: 3z - Bank Width: z -
ek C_sdram_ras_n [ - -
e o_saram_wen_o |4 Fow Width: Colunn Width:
s _sadratesn O _sairarm_ggem [320] (== . =
| sre oowe cown 0 _sdram_merH 00 = Refresh Feried: G4000000 ns <
— | _sarz_wr_n Osarmm ool = Refresh Times: 4096 =
= |_sairc_rd_n . Y
O stire_damB 00 =8 Clock Faried: 10 n= 5 (4-100)
i |5 r_jmachicd 20001
[+] C_lnlk_s i . - .
el _gzirs_ee_m T __:l[j::mj |, tEF Feriod: 3 = CL Feriod:
oy
i i O_sdire__vaiit [ tMED Period: 3 = tEFC Period: 9 :
i |_szirc_dataizd 0] O_sdrc_wrd_ad [~
tHE Feriod: 3 = tECD Feried: 3 =
Generation Config
Disable I/0 Imsertion
0K ] [ [ Help

6.4.3 SDRAM Controller > X & > &4k

IPUG279-1.3J

7'm Y= MIEIT 5 SDRAM controller_top SIP A > A % o 2 {kid, X 6-9 [T/

JiEY TY,
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6.4 SR DBl

[X] 6-9 SDRAM_controller_top_SIP -/ > 2 &% . 24,

[ GOWIN FPGA Designer - [E\Demo.program\DK_DEV_GW2AR1S_V1.10\SDRAM _test_Praject\SDRAM_test_SIP_can_readback_data_test_data\SDRAM._test_SIP\src\SDRAM _controller_test.... L[ = [y
7 Fle Edit Project Tools Window Help _[[&]x
Ol =i ar PO H
Process ax/|[ 85 B
| Design Summary 86
+ T User Constrais B RSDRAM controller top SIEREESYEFEEId
A FloarPlanner 88
| Timing Constraints Editor 89 .0 sdram clk(O_sdram clk),
4 (O synthesize (Synplify Pro) S0 .0 sdram cke(O_sdram cke),
Synthesis Report 91 .0_sdram cs_n(O_sdram cs_n),
Netlist File 92 .0_sdram_cas_n(0_sdram cas_n),
4 @ Place & Route 93 .0_sdram_ras_n(0_sdram ras_n), f
Place & Route Report 94 .0_sdram wen n(O_sdram wen _n),
Timing Analysis Report 85 .0 sdram dgm(O_sdram dqm),
Ports & Pins Report 96 .0 sdram addr(O_sdram addr),
Power Analysis Report 97 .0 sdram ba(0O_sdram ba),
Uit Program Device 98 .I0_sdram_dg(I0_sdram dg), -
99
100 .I_sdrc_rst n(rst_sys), -
101 .I_sdrc _clk(clkout o),
102 .I_sdram clk(clkout o), N
103 .I_sdrc selfrefresh(sdrc_selfrefresh),
104 .I_sdrc_power_down (sdrc_power_down),
105 .I_sdrc_wr_n(sdrc_wr_n),
106 .I_sdrc_rd n(sdrc_rd n),
107 .I_sdrc_addr(sdrc_addr),
108 .I_sdrc_data len(sdrc data_ len),
109 .I sdrc dgm(sdrc_dqm),
1‘10 .1 sdrc data(userldata] . =
< i »
Tesizn | Process . Start Page [ | | Design Summary ) | |7 SORMI_controller_test_module.v [ | o IF Core Generstor 7 SIRAM_control
Dutput -3
Info (CM0004) : Generate timing report completed. -
Info (CM000Z) : Generate Tool-Run report completed.
Info (CHMOO01) : Tue Jan 24 09:12:13 2017
[
Outpnt | Error | Werning | Info |
In: 86 Col: 24

6.4.4 bitstream 7 7 A JVDAK,

IPUG279-1.3J

VB HRIKI A IT - 7-1% . & . P&R %8 U T, bitstream 7 7 A V& /Ek L £,

Gowin ¥ 7 1a— Ko7 —7 /L% U, bitstream 7 7 A LV Z B EMRE-1LT A
MERIZF T —FRT5HE, TA R ¥ —7 x—A 25 > T SDRAM 5t LY
EXIALT —HRUBBR TE ET,
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TAH—Tz2—AHA I 7.1 B

7/( VE—T 2 —AEBAIVT

7.1 BEE

AV B =Tz —ALA I 72F, 2—F— L SDRAM il 2 o3& FiE
T, =P v F—T = —RH A I E, FICHAEY XA I TR OEXA
HEA IV T HGH, 2—F—RMOANIMNEFIfhb 2y he—J8Ermy
OB ENY =y DIEbEET, SDRAM A X —T = — A2 A I 7, I
Wb, A0 XA I EEIABREAIVT A= RV Ty va A
Jhat, WHERMThbay ha—F8fEr vy 7 O b ER Y oy DICh
TET,

72 2—WP—f o H—T 2 —RAEAIVT
721 2 —WP—Af U F—T 2 — ZADFHEY BE
X 7-1 2 —P— AV F—T = — 2R DAY Bl

Lsdre_clk N N N N e N e
§

I_sdrc_selfiefresh

I_sdrc_power_down [,

I_sdrc_data | I
Lsdre_dt IS S
O_sdrc_dat S
0_sdre_init_d [y :
delay 3 periods
0_sdrc_busy. I R, $ /
O_sdrerd veid [,
delay 2 periods

O_sdrc_wid_ack [N g N

VR

R -

SDRAM = h 1 —J D FEBEOFAM Y EXIALAGRT — & K 1% |_sdrc_data_len+1 T
‘a—
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TAHE—T2—AXA I

73SDRAM A v X —T = —AXA I T

722 2—PF—gf U H—T 2 — ZADEXALERIE
K 7-2 22— — g VF—T = — RADEXALEE

I_sdre_clk [N N N N N N N N N NI 7 N
I_sdrc_rst_n
|_sdre_seffrefresh [N,
I_sdrc_power_down NN
I_sdrc_wr_n [y
I_sdrc_rd_n I
Ve _addr I S T 1 e
|_sdrc_dqm I 0 |
I_sdrc_data_len I (19 1 e
I_sdrc_data 1 I(
1
Oscrc_dors | P — S
0_sdrc_nit_done [N, - >100us ; 0
\ delay 3 periotls
0_sdrc_busy_n [ S
0_sdre_rd_valid [N \
% delay 2 periods
0_sdrc_wrd_ack [N

R

SDRAM = k1 — 7 O FEEEOFA Y FEXIALAG T — & E XX |_sdrc_data_len+1 T
_g—

73SDRAM A ' Z—T = —RZA IV T

7.3.1 SDRAM ##i1t.
X 7-3 SDRAM #J#i1k

1 2 3 4 5 5 7 8 B 10 " 12 13 1“ 15 18 7 18 19 20 21 2 23

O_sdram_clk N NI 1 N NI 7 NI N S NI B N NI N NI N N NI e N
O_sdram_cke
O_sdram_cs_n
NOP  Precharge ' NOP  AutoRefresh NOP Auto|Refresh  NOP Load Mode Register NOP Actiye

O_sdram cas n / § I
©_sdram_ras_n o N L
Osdamvenn NN | /0§
©_sdram_dgm N

CADE ROW
©O_sdram_addr[10] I |

cdpe ROW
©O_sdram_addr[9:0] e |/ |

Bank Address
0_sdram_ba | A
=100us {REC. REC tMRD

10_sdram_dq

Power-up
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TAHE—T2—AXA I

73SDRAM A v X —T = —AXA I T

7.3.2 SDRAM 3t 4-H 0 #a/E
X 7-4 SDRAM Fi B V) #:fE

0_sdram_clk

0_sdram_cke

O_sdram_cs_n

0_sdram_cas_n

0_sdram_ras_n

0_sdram_wen_n

0_sdram_dam

0_sdram_addi{10]

0_sdram_addr9:0]

0_sdram_ba

10_sdram_dg

NI W N N N N N N N N NI P NI NI T NI NI NI
) h) h) ) )
NOP Aclive NOP Rend Read NOP Precharge NOP  Agtive NOP: Read
\ L AT h
k SN
LA
.
RQwW All Banks ROW
|/ [ A | i, | A
RQW Colymn Single Bank RQW Column
Y | - o
BanK Address Bank| Address Bank Address  Bank Address Bank |Address
RCD cL tRP tRCD
FEE.

7.3.3 SDRAM & X AL #E
4 7-5 SDRAM E & AL/

0_sdram_clk N e N N N N N A W N N A A N A W W G N N
0O_sdram_cke
0_sdram _¢s n
NOP Aclive NOP rite Write NOP Precharge NOP  Agtive NOP rite
0_sdram_cas_n R Y
0_sdram_ras_n A /
0O_sdram_wen _n i A W /
O_sdram dom |
RQW All BYnks ROW
0_sdram_scrf10] N | T, A AR [ ammTn. | A
ROQW Colmn Single Bank RQW Colmn
0_sdram_add[3-0] I O N G G S G G O |/
Bank Address BankAddress Bank Address:  Bank Address Bank|Address
O_scram_ba - S|
tRCD. tWR tRP tRCD
10_scam_dq T S SR SRRV S S A .
734 SDRAM F—FU 7L vy ¥
o R 4 o A
>
K 7-6 SDRAM A — Y 7L v =
1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 21 22 23
O_sdram _clk [ A N N N N\ I N N N N N N U N N N N\ e N N A N
0_sdram_cke
0O_sdram_cs_n
NOP Precharge  NOP  Auto|Refresh NOP NOP Adlive NOP
0O_sdram_cas_n / i
0_sdram_ras_n
0_sdram _wen_n
0_sdram_sqm T
ROW
O_sdram_adaf10] I
ROW
O_schram_sddf3.0] T I
Bank Address
0_scram_ba T
RFC
10_sdram_dq
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IRT p— v AR

SDRAM =1 b 11— D% EFE5EIE Verilog T3, FFEDT A AZHIT H /37 &

— VAT A MEHEIZOWTIL, #81 IRy T,

3 8-1 SDRAM /7 —< o R E: ¥
F A A WA= 7‘*7 3 | LUTs Registers BSRAMs PLLs Fmax

/& = nl:l

GW1N-4 Verilog 323 504 1 1 290MHz
GW1NR-4 Verilog 323 504 1 1 290MHz
GW2AR-18 Verilog 285 488 1 1 2160MHz
GW2A-18 Verilog 285 488 1 1 2160MHz
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